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1571 ABSTRACT 
A strain transducer system 10 and process for making 
same is disclosed wherein a beryllium-copper ring 13 
having four strain gages 12, 14, 26 and 28 disposed 
thereon and electrically connected in Wheatstone 
bridge fashion to output instrumentation 25. Tabs 16 
and 20 are bonded to a balloon or like surface 11 with 
strain on the surface 11 causing bending of ring 13 and 
providing an electrical signal through gages 12, 14, 26 
and 28 proportional to the surface strain. FIG. 2 illus- 
trates a pattern of a one-half ring segment as placed on 
a sheet of beryllium-copper for chem-mill etch forma- 
tion, prior to bending and welding of a pair of the seg- 
ments to form a ring structure 13. 
2 Claims, 2 Drawing Figures 
AMPLIFIER AND 
TELEMETRY 
INSTRUMENTATION 
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tive to the transverse forces and thermal distortions ' 
experienced by balloons during flight. 
Another object of this invention is to provide a strain 
transducer with a low effective modulus of elasticity 
that is particularly sensitive to the relatively small longi- 
tudinal forces and large deformations suffered by bal- 
loons in flight. 
A still further object of this invention is to provide a 
device that can function in ranges from relatively warm 
temperatures ( + 2 5 ~  c.) of an afternoon launch to the 
lowest temperatures (- 80" C.) found during ascent 
through the tropopause. 
Scientific balloon platforms have been developed to An additional object of the present invention is to 
carry payloads to the upper limits of the atmosphere to 15 provide a strain transducer system with attachment tabs 
observe and record a variety of phenomena. Design, that minimize the local discontinuities in film Stress 
analysis techniques, and film quality have steadily im- caused by stiffness at the points where the transducer iS 
proved such that balloon flights are now performed on fitted to the thin film balloon surface. 
a relatively routine basis. Scientists, however, need 
systems that can carry heavier payloads to higher alti- 20 
tudes for longer durations. This requires balloons which The foregoing and other objects of the invention are 
degraded reliability of heavy lift systems is well known lightweight, ring shaped metal strip. This transducer 
tific balloon via tabs specifically designed to minimize balloon design and manufacturing. The most widely used scientific balloon system is the stiffness at the attach points. The transducer has a low natural shaped balloon made of thin, balanced, polyeth- 
ylene film. Unfortunately, balloon strain cannot be pre- effective modulus so as not to interfere with the strain 
dieted accurately by closed form analytical methods. that naturally OCCurS in balloon walls. Therefore, bend- 
Although balloon stresses are not usually of sufficient 30 ing rigidity of the metal strip is such that the force 
magnitude to cause failure of the balloon film, they do required to deform the sensor is small relative to forces 
cause cracks to propagate and provide a state condu- required to displace the film. 
cive to amplification of any flaws or manufacturing Strain gages are attached to the annular metal strip to 
defects. form a Wheatstone bridge circuit. The output from the 
Flight testing of balloons has been used successfully 35 balanced bridge is taken proportional to the bending 
to obtain data on atmospheric Properties, gas and skin strain in the metal strip between the attachment tabs. By 
temperatures, radiant flux, and pressure measurements. suitable choice of strain gages, the transducer can have 
Attempts to measure film or tape stress and strain, how- a standard 350 ohm impedance which is compatible 
ever, have not been completely successful. The hostile with bridge balance, and telemetry in- 
environment of flight is dynamic and includes a variety 40 strumentation available for balloon flight. 
of heat transfer mechanisms which alter the balloon and 
ence of a sensor usually results in a localized stiffening deformations caused '3 large forces* The 
of the film which alters the measurement. a result, transducer of the present invention has a high sensitivity 
even large gage lengths of very such as 45 to longitudinal strain. This sensitivity is constant over 
polyester films are used with only limited success. the range of temperatures and strains normally exPeri- 
There is need for a strain gage suitable for flight which enced during balloon flight. In addition, the invention is 
can verify or negate the assumptions contained in thin not appreciably affected by thermal distortions. These 
film balloon stress prediction analyses. In %addition, eed characteristics make this transducer system particularly 
has been established for an analytic model of the thin 50 attractive for functioning under the small forces and 
polyethylene film used in fabrication of scientific bal- large elongations characteristic of balloons in flight. 
loon platforms. A description of the mechanical re- 
sponse of balloon materials is necessary if stresses are to BRIEF I3~SCRIPTION OF THE DRAWINGS 
be deduced from in-flight strain measurements. This A complete appreciation of the invention and 
invention relates to a unique sensor capable of monitor- 55 many of the &tendant advantages thereof will be 
ing the strain in the balloon when readily apparent as the same becomes better understood 
exposed to the environment Of ascent and float* by reference to the following detailed description when 
Its use will facilitate prediction of balloon stresses for considered in connection with the accompanying draw- particular flights, and design and testing of balloon 
materials in general. 
It is therefore an object of the present invention to FIG. 1 is a part schematic view of the thin film strain 
provide a strain transducer system which is suitable for transducer Of the present invention showing the strain 
in-flight measurement of balloon film strain because of gages, attachment tabs (with part of one broken away to 
its lightweight, linear response to strain, and mechanical illustrate the buffer pads), and associated wiring on a 
and electrical compatibility with existing balloon sys- 65 balloon surface segment; and 
tems. FIG. 2 shows the chemical milling pattern used to 
A further object of this invention is to provide a strain fabricate the thin film transducer of the present inven- 
transducer with an annular configuration that is insensi- tion. 
THIN FILM STRAIN TRANSDUCER 
ORIGIN OF THE INVENTION 
The invention described herein was made in the per- 
formance of work under a NASA contract and is sub- 
ject to the provisions of Section 305 of the National 
Aeronautics and Space Act Of 1958, Public Law 85-568 
(72 Stat. 435; 42 USC 2457). 
This is a division of application Ser. No. 352,827 filed 
Feb. 26, 1982, now U.S. Pat. No. 4,425,808. 
BACKGROUND OF THE INVENTION 
SUMMARY OF THE INVENTION 
test state-of-the-art film design and production. The achieved by providing a transducer comprised ofa  thin, 
and emphasizes the need for a l"lOre precise approach to 25 device is attached to a thin walled polyethylene scien- 
sensor temperatures. The films are so thin that the pres- Prior art strain transducers 
Of a 
6o ings wherein: 
3 
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DETAILED DESCRIPTION OF THE 
INVENTION 
useful for measuring strain on an expandable material 5 
and particularly suitable for in-flight measurements of 
balloon film strain. The transducer is comprised of a 
ring shaped beryllium-copper strip with two tabs that 
lightweight and thermally passi 
strain gage used to measure the strain suffered by thin 
film polyethylene balloons, other applications for this 
invention will become apparent to those skilled in the 
art. 
Referring now more particularly to FIG. 1, the strain 20 gree Be at 1250 F. The ‘Cphoto resist,, is then removed 
transducer system of the present invention is shown and with a commercial MEK based stripper. “photo poly- generally designated by reference numeral 10. An im- mer resist,,, “photo polymer,, developer and the 
ylethylketone (MEK) stripper are standard commercial portant design feature of the invention is minimization of the induced stiffness at the attachment points where items and are readily obtainable from and other the gage ring 13 is fitted to balloon surface 11. Tabs 16 25 commercial sources, The pattern 3o is sized to preserve 
and 20 were designed to satisfy this requirement. the basic design geometry and provide sufficient mate- Analysis of several triangular tab configurations indi- rial to accommodate a bend radius of five times the cated a relatively large stress concentration in the bal- sheet thickness to form the tab. loon film at the vertex of the tab. A 70% percent in- 
crease in the applied stress was computed. Such stress is 30 The bends 32 and 34 in form Of @+ 
sufficient to cause gross film deformation and possible sets l8 and 22 and tabs l6 and 
failure of the film at low temperatures. Therefore, a tab material is in the half-hard condition so that bending is 
configuration was designed with a 2:l elliptic geometry accomplished without damage. Two strips are ‘pot 
as shown by tab 16 in FIG. 1. a result, the maximum welded together. Semicircular tabs 36 and 38 in FIG. 2 
film stress concentration was reduced to less than 24%; 35 are then to form a dou- 
however, the apparent strain was increased by 17%. To ble layer tab* The *g is then placed On a brass 
minimize the tab influence on apparent strain, the mandrel having the same thermal characteristics as the 
straight edges shown on tab 16 were used to bound the beryllium-Cop~r and heat treated for two hours 
gage length. In addition, the gage length was increased at 3l5” the m a t e d  to full 
to further reduce apparent strain. ne distance behYeen 40 strength. The transducer is electrochemically treated to 
tabs 16 and 20 was set at 76 milheten so that the remove the oxide coating that forms during the heat 
apparent strain remained within 3% ofthe film strain in treating P r o w .  In the specific embodiment i h ~ r i b e d  
the absence of the gage. TO further minimize stress herein oxide was removed by means of an alkalime deox- 
concentrations, the outer edge of tabs 16 and 20 were idizing tradename compound ~ ~ O W I I  as EhdOX 8 214 
provided with curvature. A semicircular shape with 45 and manufactured by Ethone, Inc., West Haven, Conn. 
rounded comers was selected for this boundary as de- The process involved ilIlIllerSiOn of the Strip into a Soh- 
picted by tab 16 in FIG. 1. In addition, the tabs were tion of One Ounce Endox to One Pint of Water. A Poten- 
fitted with polyethylene buffer pads (one of which is tial of eight volts was then applied for one minute Per 
designated by reference numeral 17) to minimize the ring. The Endox employed herein was supplied by 
disturbance to the stress field between the fabs. 50 Delgman Supply Company, Inc., 113 South Magnolia, 
The thickness of the metal strip forming transducer P.O. BOX 579, North Little Rock, Ark., 721 15. 
as another critical design parameter, Optimal 
is dependent on the choice of material. Recog- bonded to the inner and outer su 
nizing the need for a material with low hysteresis and a 13. Gages 12 
high proportional limit, a copper alloy was selected for 55 located on the 
its remarkably lmear behavior, high endurance and face whde gag 
strength limits, thermal compatibility with precision surface of the ring as shown in FIG. 1. The gages q e  
strain gages, availability in small thicknesses and ease of standard 350 ohm general puipose gages having a con- 
formability. The alloy selected contains 1.80-2.C-Q per- stant grid completely encapsulated in olyimide with 
cent beryllium and is described by a variety of specifiq- 60 large, integral, copper-coated terminals. The gages em- 
STM B-194-72, QQ-C-533, AMs 4503l3, and ployed in the slkciic example 
erein was obtained 27777, Meigh N. 
in The 
to the tabs On the 
This heating 
Four precision strain 
the obtained 
, under their type designa- 
enue, tion CEA-09- The gage resistance was 
well- 65 selected due to current carrying ability and 
compatibility with other low impedance devices cur- 
rently used on scientific balloons. The gages are ther- 
mally compensated for beryllium-copper and calibrated 
Cleveland, Ohio, 441 10, and 
man as Alloy‘25. In order to have a gage length of 76 
millimeters, the ring 13 radius was set at 38 millimeters. 
The thinnest material available created unacceptably 
4,498,23 1 
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for use in the temperature range from -75" C. to +205" small relative to the force required to displace film 11 
C. through the same strain. A load path is established from 
The strain gages are bonded to the transducer with a film 11, through each tab connection, partially to the 
suitable adhesive with M-Bond 600, a Micromeasure- ring and the balance to the film between the tabs. As 
ments Inc. product having a wide temperature range 5 mentioned, the tabs increase the apparent strain; how- 
capability being employed in the described embodi- ever, the effect of the transducer stiffness on the balloon 
ment. This two component, solvent thinned epoxy- surface reduces the force ftlm 11 is required to transfer. 
phenolic adhesive is recommended for high precision These two effects tend to balance each other minimiz- 
transducers and has an operating temperature range ing the associated errors. 
from -269" C. to + 2 W  C. The adhesive is cured for 10 Testing has demonstrated that transducer 10 has a 
two hours at 55" C. Curing produces an oxide coating high sensitivity to longitudinal strain (7.216 mV/V/unit 
on the transducer that must be cleaned prior to applying strain). The sensitivity is constant for all temperatures 
any coatings for moisture or thermal control. This from +25" C. to -80" C., and all strains from five 
cleaning was accomplished by using MEK (methyle- percent compression to ten percent tensile strain. The 
thylkeytone) applied with a cotton swab, washing with 15 response is highly sensitive to the separation distance of 
Alconox detergent and water, rinsing under running the tabs, and relatively insensitive (0.27 percent) to 
water and dried in an oven at 1 Io" F. for twenty min- transverse forces. Tests further show that transducer 10 
utes. In addition to the gages, a terminal board 21 (not responds in a constant linear fashion at all strains and 
illustrated) is bonded to tab 20 to facilitate wiring of the temperatures of interest. In addition, the sensor ring 
gages into a Wheatstone bridge circuit. 20 standard 350 ohm impedance was found to be electri- 
The bridge circuit is formed by connecting the two cally compatible with bridge amplifiers and telemetry 
gages 12 and 14 on the outer surface of the ring into instrumentation currently used on scientific balloons. 
opposite areas of the circuit. The gages 26 and 28, on The specifically described example transducer and 
the inner ring surface, also form opposite circuit arms the process for making same described herein are to be 
and are used to complete the four active arm bridge. In 25 considered as exemplary only and are not to be deemed 
this configuration, the output of the circuit is insensitive as exhaustive. Also, although the performance of the 
to any axial and thermal strains common to all gages. specific embodiment described herein is for measuring 
The output from the balanced bridge is theoretically strain on atmospheric balloon structures, the invention 
proportional to the bending strain in the beryllium-cop- is not so limited and, as will be apparent to those skilled 
per strip. As such, the output signal is directly propor- 30 in the art, the transducer gage system of the present 
tional to the film strain between the tabs 16 and 20 of the invention would find utility in measurements of strain 
transducer. The wiring is completed by using a white on any suitable material adapted to be placed under 
four conductor shielded cable 24 with the individual strain. Thus, there are obviously many variations and 
wires 2 4  thereof threaded through suitable holes 29 in modifications of the present invention that will be 
ring 13 and leading through a terminal board 21 dis- 35 readily apparent to those skilled in the art in light of the 
posed on tab 20 to conventional bridge amplifier and above teachings. Accordingly, the invention may be 
telemetry instrumentation 25. Cable 24 in the specific practiced other than described herein without departing 
example described was a four conductor, shielded ultra- from the spirit or scope of the appended claims. 
flexible cable (Bioelectric Cable No. CZ 1103-4F) sup- What is claimed as new and desired to be secured by 
plied by Cooner Wire Company, 9186 Independence 40 Letters Patent of the United States is: 
Avenue, Chatsworth, Calif., 9131 1. The end of cable 24 1. A method of making a thin film strain transducer 
leading to amplifier and telemetry instrumentation was for use in accurately measuring strain on thin films 
terminated with a four pin microminiature plug (No. comprising: 
DP-45- 1) obtained from Microtech, Inc., 1420 Conches- (a) providing a thin sheet or beryllium-copper alloy 
ter Highway, Boothwyn, Pa., 19061, and designated by 45 stock in the half-hard condition; 
reference numeral 23 in FIG. 1. The final step in the (b) drawing a pattern of a one-half segment four times 
fabrication process involves applying a thermal control the dimensions of the final product and consisting 
waterproof coating to the metal strip, tabs, strain gages, of an elongated strip provided with twelve equal 
and buffer pads. This coating serves to protect the strain diameter and uniformly spaced holes and a pair of 
gages and terminal connections from any moisture en- 50 tab portions; 
countered during balloon flight as well as providing (c) photographically reducing this pattern to produce 
passive thermal control because of the resulting low a negative of the actual size desired; 
absorptivity and high emissivity. In the specific example (d) transferring this negative image to the beryllium- 
described herein, the white thermal control coating copper alloy sheet; 
employed was designated as S-l3G/LO and produced 55 (e) masking the image and immersing the sheet in a 
by IIT Research Institute, 10 West 35th Street, Chi- chemical solution to chem-mill the excess material 
cago, Ill., 60616. away from the masked pattern to recover an elon- 
gated strip of material and a pair of semicircular tab 
elements; OPERATION O F  THE INVENTION 
(0 repeating steps (b), (c), (d) and (e) to recover iden- 
the plane containing the circle is parallel to the film. As tical pattern portions; 
balloon film 11 is strained by the dynamics of flight, the (g) bending the identical elongated strips to form a 
transducer ring 13 is displaced. Assuming the film strain pair of semicircular segments and with bent gusset 
is constant between tabs 16 and 28 in FIG. 1, the tabs extensions on each end thereof; 
collect the force required to deform the ring. (h) spot welding the pair of semicircular strips to 
A reactive force necessarily accompanies the dis- form a ring and spot welding a pair of the semicir- 
placement of transducer ring 13. Due to the low effec- cular tab elements to the gussets extending from 
tive modulus of the transducer, however, this force is each strip to form a double layered tab; 
The transducer is anchored to balloon film 11 so that 60 
65 
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(i) placing the assembled ring and tab structure onto 
a mandrel having essentially the same thermal 
characteristics as the beryllium-copper alloy and 
heat treating this assembly for approximately two 
hours at approximately 315" C. to change the alloy 5 
from the half-hard to full strength; 
(i) electrochemically removing the oxide coating 
formed during the heat treating process; 
(k) bonding four identical precision strain gages to 
the ring with a pair of the strain gages positioned 10 
15 
20 
25 
30 
each at essentially the 90" stations between the 
diametrically disposed tabs and one member of 
each pair being on the outer surface of the ring; and 
0) electrically connecting each strain gage in Wheat- 
stone bridge circuit arrangement to output instru- 
mentation. 
2. The method of claim 1 including threading electri- 
cal conducting wires through the milled holes to con- 
nect each strain gage to the output instrumentation. 
' 
* * * * *  
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